Summary
10
The North American firefly luciferase, Photinus pyralis, was the first to be cloned and 11 characterized [1] . [2] . FLuc in particular is a good biomarker as it 15 requires no post-translational modifications, and has a half-life of approximately 3 hours in
16
vitro and in vivo allowing adequate timing for analysis [3] . The emission wavelength of FLuc
17
ranges between 530-640 nm, with a peak at 560 nm [4] . Since molecular methods which 18 employ luciferase as a tool occur outside of its natural firefly host, many luciferase
19
constructs have undergone a process of molecular evolution known as codon optimisation.
20
Species-specific codon usage bias results in higher levels of heterologous protein expression 21 due to the enhanced translation processes related to the relative abundance of particular 22 tRNA isoforms [5] . For example, a high GC content at the 3rd position of the codon, also 23 known as the silent-site, correlates with an increase in gene expression efficiency within 24 mammalian cells [6] . FLuc DNA has been further improved through the removal of sequence 25 repeats, cryptic splice sites, and local hairpin structures to increase mRNA stability [7] .
26
Many different luciferase enzymes have been cloned, including those from the sea pansy
27
(Renilla) [8] , the railroad-worm (Phrixothrix vivianii) [9] , the click beetle (Pyrophorus 28 plagiophthalamus) [9, 10] , and the jellyfish (Aequorea victoria) [11] . Luciferases originating from 29 the sea pansy Renilla reniformis (Rluc), and numerous other ocean-derived organisms
30
oxidize an imidazopyrazinone-based luciferin, coelenterazine, which releases light mostly
31
within the blue-green range at a wavelength of 480 nm [12] in an ATP-independent reaction.
32
Vargula luciferase is derived from the nocturnal sea ostracod, Vargula hilgendorffii, which
33
naturally inhabits the waters of Japan where it is more commonly known as the "sea firefly".
Historically, vargula has also been named cypridina, owing to the fact that it belongs in the 1 family Cypridinidae [13] . In the presence of molecular oxygen and the absence of ATP, 2 vargulin, its substrate, is oxidized and emits light with a peak emission of around 452 nm.
3
This peak emission, however, can shift between 448 and 463 nm depending on the pH and 4 salinity of the environment in which the reaction takes place. Interestingly, Thompson et al. 
5
showed through sequencing of the vargula gene, that it contains a signal sequence for 6 secretion, and went on to show that the vargula luciferase, secreted from mammalian cells 7 into culture medium, is well suited as a specific and highly sensitive reporter [14] . [18] . We utilised these in the study of cell signalling networks in human 8 dermal fibroblasts as they reprogram to induced pluripotent stem cells [19] . This new 9 innovation means that transcription factor activity can be assayed in the long-term in living, 10 changing cells.
11
Building upon these in vitro tools, transgenic mouse strains have been generated in which
12
luciferase expression was controlled by estrogen responsive elements [20] and NF-kB 13 response elements [21] , amongst others. However, luciferase activity in the early mouse 14 experiments could only be assayed post-mortem by ex vivo luminometry. The development
15
of highly sensitive charge-coupled device (CCD) cameras has enabled the quantification of 16 luciferase activity in living rodents in a continual and non-invasive manner [22] . This has 17 permitted continual measurement of transcription factor activity in live rodents, in
18
numerous models of inflammation [23] . However, in germ line transgenic strains it is difficult
19
to distinguish transcription factor activity in specific organs due to the whole-body nature of 20 the transgenesis. Following gene transfer to neonatal mice, using viral vectors, we have 21 demonstrated immune tolerisation [24] and long-term gene expression [25] . By exploiting 
28
Bonferroni or Sidak) to test which time points might be significantly different. 8. Adult female mice will require mating ≈20 days before neonatal mice are required.
31
Ideally this should be timed-mating, where males and females are housed together
32
for one night only (per week).
33
9. To achieve optimal luciferase expression from the mice, it is best to use white furred mice as the black furred mice prevent the bioluminescence from penetrating 
